Hypertension is still the main cause, being responsible for approximately 55% of cases of ICH (3). Early hematoma growth occurs in 20%-40% of ICH patients and is a major determinant of early deterioration and poor clinical outcome (12,13).
blood cells and platelets. Due to the lack of knowledge about their prognostic significance, RDW and PDW were ignored previously. Since rheologic parameters can be determined with a simple and low-cost analysis, we consider that it will be useful in risk evaluation of ICH patients.
The purpose of this study was to examine whether rheologic factors are associated with ICH growth and early clinical outcome.
█ mATERIAl and mEThODS
This retrospective case series was conducted at the Neurology Clinic of Bezmialem Vakif University Medical School Hospital. All information was extracted from the hospital medical records. The Ethics Committee at Bezmialem Vakif University approved all described procedures.
During the two-year period (May 2011 to August 2013), we evaluated 60 patients who were admitted to our clinic in the first 12 hours after symptom onset from a cohort of approximately 1300 stroke patients. We selected patients who had undergone the first brain computed tomography (CT) at less than 12 hours and the second, follow-up brain CT at 24 hours after symptom onset. The first brain CT was immediately performed at admission to the emergency room (ER).
A blood sample was obtained from all patients included in the study for routine complete blood count (CBC), routine biochemical tests, CRP and coagulation tests (International Normalized Ratio-INR) following admission to the ER. RDW, PDW and mean platelet volume (MPV) were obtained from CBC.
Detailed data were recorded for each patient including demographics, medical history, vascular risk factors, stroke severity at admission (by means of the National Institutes of Health Stroke Scale -NIHSS), laboratory testing, imaging data and treatment.
Patient characteristics included age, sex, prior history of stroke, history of congestive heart disease and coronary artery disease, cardiovascular risk factors, admission glucose level, admission systolic/diastolic blood pressures, admission serum creatinine (Cr) level, admission INR, initial NIHSS and mRS scores, presence of underlying hemostatic abnormalities, and taking anticoagulant or antithrombotic agents. Cardiovascular risk factors were defined as: (1) hypertension, history of using antihypertensive agents, systolic blood pressure (SBP) ≥140 mmHg or diastolic blood pressure (DBP) ≥ 90 mmHg before or after ≥ 2 weeks after stroke onset; (2) diabetes mellitus, use of hypoglycemic agents, random glucose level ≥200 mg/dl or glycosylated hemoglobin ≥6.5% on admission; (3) hyperlipidemia, use of antihyperlipidemic agents or a serum LDL level ≥140 mg/dl on admission; and (4) current smoking and alcohol intake.
We evaluated the initial brain CT to calculate the baseline ICH volume. ICH volumes were measured using the "abc method". The "abc method" uses the Formula (a x b x c)/2, in which a is the largest diameter of the hematoma in the CT slice with the largest area of ICH; b is the largest diameter of the hemorrhage perpendicular to line a; and c is the number of slices with hematoma times the slice thickness and yields hematoma volume in cm 3 (11). We also evaluated the presence of intraventricular hemorrhage and cerebral shift at initial and control CT. Hematoma growth was defined as described in recent studies as absolute growth greater than 6.5 ml or a relative growth of more than 33% from initial CT to follow-up CT (2,4).
All patients were followed up at the outpatient clinic at the first and third month after discharge. On admission to ER, stroke severity was assessed using the National Institutes of Health Stroke Scale (NIHSS). Functional outcome was examined with the modified Rankin scale (mRS) score at the first and third month after discharge. Functional independence and good outcome were defined as a mRS score ≤ 2 at 3 months.
All statistical analyses were performed using IBM SPSS Statistics 20 (USA) and the Microsoft Office Excel Software. The Fisher exact test and Student's t-test were used to analyze significant differences between the group with low RDW values and the group with high RDW values. Age and test values were all expressed as means ± standart deviations (SD). For all tests, a two-tailed p value <0.05 was considered to indicate statistical significance with confidence intervals (CI) of 95%. A receiver operating characteristic (ROC) curve was constructed to determine the area under the curve (AUC), sensitivity, and specificity of the baseline RDW and PDW value for predicting hematoma growth at 12 hours and the outcome.
█ RESUlTS
The patients were divided into 2 groups on the basis of a RDW level cut-off value of 13.85 based on the ROC curve. Consequently, we categorized our cohort into two groups: one group with a RDW >13.85 containing 24 patients and a second group with a RDW <13.85 containing 36 patients. Differences in the baseline clinical and laboratory characteristics in patients with low and high RDW values are listed in Table I . The mean age of the study population was 65.07 ± 11.659 years with 34 men and 26 women. Among our study population, the leading vascular risk factor was hypertension (86.7%) and we also had 14 patients who were taking antithrombotic agents.
Hematoma growth was detected in 19 patients (Table II) . In our study population, we determined that the most common hematoma location was the basal ganglia region (27 patients). When we compared initial hematoma volume and hematoma volume at 24 hours with vascular risk factors, no significant relationship could be detected between them.
Similarly, we could not find statistically any significant relationship between initial blood parameters of the patients and initial hematoma volume, and hematoma volume at 24 hours. We determined a statistically significant relationship between patients who had Vitamin K antagonist (VKA) and aspirin use in their history and hematoma growth (p=0.047). We detected a statistically significant relationship between hematoma growth and RDW, which was one of the initial blood parameters of patients (p=0.038) (Table III) . Initial hematoma volume and hematoma volume at 24 hours did not provide any significant data about hematoma growth (respectively; p=0.394; p=0.577). No significant relationship was detected between initial NIHSS value and hematoma growth measured at the 24 th hour (p=0.420).
We found a statistically significant relationship between initial NIHSS value and hypertension as a vascular risk factor (p= 0.044). The stroke was more serious in patients presenting with diagnosis of hypertension. A significant relationship with the other risk factors was not detected. Similarly, we did not observe any relationship between initial NIHSS value and initial blood parameters.
Among our study population, mRS score at 3 months was 0-2 in 34 patients, mRS score was 3-5 in 17 patients, mRS score was 6 in 5 patients. No significant relationship could be detected between vascular risk factors and the mRS score in the first month. We found a statistically significant relationship between the third month mRS score and the history of coronary artery disease (CAD) as a vascular risk factor (p= 0.046).
Moreover, functional addiction was observed in patients presenting with a diagnosis of CAD at the 3 rd month. mRS score at the 3 rd month was found to be significant between patients with higher initial SBP value (p=0.033). The relationship between initial PDW value and mRS score (0-2) at the 3 rd month (p=0.047) was found to be significant. Intracerebral hemorrhage is a subtype of stroke with morbidity and mortality accounting for about 15% of all deaths from stroke (2,3,12,16). Hypertension is still the main cause, being responsible for approximately 55% of cases of ICH. Cerebral amyloid angiopathy is the other major cause of primary ICH in the elderly (3,12). The most common sites of hypertensive ICH are the cerebral hemispheres, basal ganglia, thalamus, brain stem (predominantly the pons) and cerebellum (3,10).
The association between RDW and increased ischemic events in patients with cardiovascular disease is well known and there have been a few studies on its relation to bleeding events. However, its relation to bleeding events in patient with cerebrovascular disease has not been established. In No significant relationship was determined between hematoma values of both the initial period and at 24 hours and mRS scores in the first month and third months (mRS for first month: p=0.478, p=0.188; mRS for third month: p=0.821, p=0.337). A significant relationship was detected between the severity of patient during the application and mRS score of the first month and third month (p = 0.014). Therefore hematoma growth in the first 24 hours was significantly related to poor clinical outcome at the 3 rd month (p=0.050).
Hematoma growth in-group cut-off value was measured as 13.85 for RDW. Sensitivity was 57%, specificity was 68% and AUC was 0.641 on the basis of the ROC curve. The cut-off value was 14.65 for PDW, sensitivity was 59%, specificity was 63% and AUC was 0.657 on the basis of the ROC curve. our study, RDW was a predictor of hematoma growth in ICH patients.
RDW and PDW are markers of variation of the size of the circulating red blood cells and platelets. Due to the lack of knowledge about their prognostic significance, RDW and PDW were ignored previously. It has been speculated that RDW is a marker of chronic health status but recent studies have shown that elevated RDW may also reflect recent hemorrhage (14) . Since rheologic parameters depend on a simple and low cost analysis, we believe that these parameters will be useful in the risk evaluation of ICH patients.
García et al. (7,10) have described in detail the sequential histologic changes that take place in the hematoma to investigate the ICH-inflammation relationship. RDW may have a role in the pathogenesis by inflammation (6). Possible mechanisms may include the fact that higher levels of RDW may reflect an underlying inflammatory state, which is related to poor patient outcomes (17) . Inflammatory cytokines and neurohumoral mediators are activated in acute and chronic cardiovascular diseases. Inflammatory cytokines have been found to suppress the maturation of erythrocytes, and the increased immature erythrocytes may therefore reflect higher RDW levels (15) . Admission RDW (aRDW) has recently been shown to predict mortality in trauma patients by an unclear mechanism (14) .
Ani and Owbiagele showed that the mean RDW was significantly higher among persons with stroke compared to individuals without stroke (1, 20). Ye et al. found a 10% greater risk of mortality for a 1% increase in RDW for patients with peripheral arterial disease (23) . Gonçalves et al. showed that RDW was associated with higher in-hospital mortality and was an independent predictor of in hospital major bleeding in a population of patients with non-ST elevation acute coronary syndromes (8). Similar results were found in an another study (18) . Fatemi et al. found that RDW was independently associated with in-hospital major bleeding in 6.689 patients undergoing PCI after adjustment for major covariates of bleeding (5). In our study, we demonstrated that a greater admission RDW value was independently associated with hypertensive hematoma growth in the first 12 hours.
PDW is a potentially useful marker for the early diagnosis of thromboembolic disease. PDW is easily measured with platelet indices, which increase during platelet activation. Varasteh-Ravan and colleagues found the desired cut-off point of PDW to predict the no-resolution of ST-segment 12.85 fl with 71.2% sensitivity and 83.6% specificity (22). In our study we found that PDW value is significantly related with morbidity at the 3 rd month.
█ lImITATIONS
High RDW values may indicate accelerated red blood cell destruction, nutritional deficiency (folic acid or vitamin B12), a proinflammatory state or renal dysfunction that impairs erythropoiesis and RBC maturation. Levels of erythropoietin, iron, folic acid or vitamin B12 were not included in our analysis.
